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N-Carboxybutyl chitosan (CBC), collagen/cellulose (Promogran®) and hyaluronic acid-based (Hyalofill®) 
polymeric matrices/dressings were loaded with an extract obtained from juca (Libidibia ferrea ) and 
in order to develop wound dressings endowed with anti-inflammatory activity. Juca fruits were sub¬ 
jected to supercritical fluid extraction (SFE) using C0 2 at 25 MPa and 50°C and the resulting extract 
was later incorporated into the above referred wound dressings by a supercritical fluid impregna¬ 
tion/deposition method (SSI). GC analysis revealed that the obtained SFE extract is particularly rich in 
unsaturated (52%) and saturated (26%) fatty acids as well as in terpenoids (13%) such as lupenone and 
gamma-sitosterol. Extract loading yields depended on the affinity of the hydrophobic extract for the 
specifically employed wound dressing material and was almost 2-fold greater for CBC than for the other 
two commercial wound dressings. The prepared extract-loaded dressings were cytocompatible with RAW 
264.7 macrophages (viability >85% at 24 h) and down-regulated the expression ofTNF-a and IL-la pro- 
inflammatory cytokines as well as the production of nitric oxide, which confirms the anti-inflammatory 
capacity of the employed juca extract. Nevertheless, such effect was somehow counteracted by a pro- 
inflammatory activity that was exhibited by CBC. Prepared dressings presented a wide range of water 
vapor ((2.9-14.7) x 10 14 kg/(s mPa)) and oxygen permeability (150 up to 830barrer) which make them 
potentially suitable for the management of various wound types at different healing stages. 

© 2012 Elsevier B.V. All rights reserved. 


1. Introduction 

The wound healing process may be compromised/delayed by 
many local and systemic factors that lead to the need of special¬ 
ized care and treatment [1]. Moreover, each of the wound stages 
involved in the process is usually characterized by the genera¬ 
tion of some characteristic tissues and/or secretions which may 
as well require some specific treatment. The use of wound dress¬ 
ings may enhance the body’s own healing mechanism by creating a 
proper physiologic wound environment (moisture and permeabil¬ 
ity to oxygen, water vapor and carbon dioxide), by acting as a barrier 
for microorganisms and/or by releasing bioactive compounds to the 
wound site [2-4]. 

The choice of the dressing material is critical since its inter¬ 
action with the wound may significantly influence the healing 
process. Natural-based biodegradable and biocompatible materials 
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are gaining increasing attention [5]. N-Carboxybutyl chitosan (CBC) 
is a highly water soluble chitosan derivative that preserves the orig¬ 
inal chitosan bactericide/fungicide activity and that also leads to 
limited scar formation [6]. CBC can also be processed by applying 
different methods to tune the permeability to water vapor and oxy¬ 
gen, the swelling capacity and the ability to control drug release [7]. 

Wound dressings made from natural body components may be 
advantageous in order to improve biocompatibility and to avoid 
inflammation and/or rejection. Collagen is present in the extra¬ 
cellular matrix (ECM) and acts as a natural substrate for cellular 
attachment, growth and differentiation [8,9]. Collagen-based mate¬ 
rials are successfully used worldwide to prevent wound infections 
in burns and to treat chronic wounds, serving both as dermis 
substitutes and as platforms for drug release. Promogran® by John¬ 
son & Johnson Medical is a commercially available wound dressing 
composed of 55% collagen and 45% oxidized regenerated cellu¬ 
lose (ORC), which is intended to absorb fluids/exudates and to 
form a soft gel that physically binds and inactivates those pro¬ 
teases that can degrade ECM components and which are excessively 
active in acute wounds [10,11]. It also binds naturally occurring 
growth factors and protects them from proteases [12]. On the other 
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hand, hyaluronic acid (HA), which is present in connective tis¬ 
sues, actuates in the early response to injury together with fibrin 
and to support fibroblasts and endothelial cells that will originate 
granulation tissue [13]. HA also presents anti-oxidant and anti¬ 
inflammatory activity [14]. Hyaluronan and hyaluronan-binding 
proteins regulate inflammation, tissue injury, and repair by reg¬ 
ulating inflammatory cell recruitment, release of inflammatory 
cytokines, and cell migration [15,16]. High molecular weight HA 
dressings enhance angiogenesis and are appropriate in the manage¬ 
ment of chronic wounds and diabetic foot ulcers [17,18]. Hyalofill® 
from ConvaTec, Ltd. is an ester of HA with benzyl alcohol, which 
facilitates sterilization and handling, and that forms soft, cohesive 
gels in contact with wounds. 

Natural antimicrobial, antioxidant and anti-inflammatory sub¬ 
stances obtained from vegetal raw materials can be used as 
coadjuvants that can stimulate the healing processes and protect 
wounds against external aggressions [19-24]. However, the ther¬ 
apeutic activity of these extracts is strongly dependent on the 
extraction methodology, which can notably affect the chemical 
nature, composition, amounts and stability of the extracted com¬ 
pounds [25-27]. Organic solvents and/or high extraction/loading 
temperatures can induce degradation. Once the extract is ready, it 
is necessary to implement adequate procedures to load into wound 
dressings the appropriate amounts of bioactive compound(s), in 
order to be efficient without causing toxicity. Supercritical fluid 
methodologies, namely supercritical extraction (SFE) and super¬ 
critical impregnation/deposition (SSI) using supercritical carbon 
dioxide (scC0 2 ), present several remarkable advantages when 
compared to conventional solid-liquid extraction/loading method¬ 
ologies, namely a density-dependent solvent power and excellent 
transport properties which will control the ability to dissolve 
solutes and to extract them from solid matrices at relatively low 
temperatures [28]. Moreover, SFE is an effective method to obtain 
bioactive products from plant materials in a selective way and 
without organic solvent contaminants [29-31 ]. On the other hand, 
SSI allows the homogeneous impregnation/deposition of polymeric 
matrices with bioactive substances in a relatively short time and, 
when properly employed, it does not alter and/or damage their 
physical, chemical, and mechanical properties. Loading yields and 
loading depths can be easily controlled by tuning some of the oper¬ 
ational conditions [7,32-35]. In pharmaceutical processing, scC0 2 
presents an additional advantage since it may as well temporarily 
plasticize and swell most polymeric matrices at relatively low tem¬ 
peratures, which will help and enhance the loading process [36]. 
Upon depressurization, the C0 2 -soluble compounds precipitate 
and become entrapped within polymer matrices, while the dense 
C0 2 returns to its gaseous state originating a final material that is 
free of any residual solvent and that may be sterilized, depending 
on the process conditions used [36,37]. In general terms, the higher 
and the most favorable the interaction of bioactive molecules with 
the polymer functional groups, the higher the achieved loaded 
amounts [33,34,38,39]. When dealing with multicomponent sys¬ 
tems (such as natural extracts), the involved interactions are much 
more complex and the chemical nature of the involved polymeric 
matrices should be taken in consideration in order to maximize the 
affinity for some specific compounds. 

This work aims to extract bioactive substances from juca fruits 
(.Libidibia ferrea or Caesalpinia ferrea , widely known as Brazil¬ 
ian ironwood) using a SFE methodology and later, to load those 
extracts (using a SSI method) into various polymeric matri¬ 
ces, namely into synthesized CBC foams and into commercially 
available Promogran® and Hyalofill® dressings, and in order to 
improve their final performances as wound dressings. Juca fruits 
extracts have been reported to present relevant healing, anti¬ 
fungal, antimicrobial, anti-inflammatory, analgesic, antiulcer and 
cancer chemopreventive properties [26,40-44]. Other relevant 


objectives of this work are the evaluation and elucidation of the 
relationships between extract compositions, extract loading yields, 
extract release behaviors from employed wound dressing mate¬ 
rials, cytocompatibility with fibroblasts and macrophages, and 
anti-inflammatory ability against LPS-stimulated macrophages. 
Other functional relevant properties for the envisaged wound 
dressing application, such as hydrophilicity, oxygen permeability 
and water vapor transmission were also evaluated. 

2. Materials and methods 

2.2. Materials and chemicals 

Employed materials and chemicals were: carbon dioxide (99.5%) 
from Praxair Spain, ethanol (99.5%, p.a.) from Panreac Quimica SA 
Spain, ethyl acetate (99.9%) from Chromasolv Plus, Sigma-Aldrich, 
Inc., USA, n-alkanes C8-C40 GC standards (aliphatic hydrocarbons 
kit) from Supelco, Sigma-Aldrich, USA, and potassium sulfate (99%) 
and lithium chloride (99%) from Fluka. Water was purified by 
reverse osmosis (Milli-Q.water, Millipore). Chitosan (mean molec¬ 
ular weight and 73% deacetylation degree), levulinic acid (98%) 
and sodium borohydride (99.5%) from Sigma-Aldrich were used to 
prepare CBC foams. Promogran® and Hyalofill® were obtained from 
Johnson & Johnson Medical and ConvaTec, Ltd., respectively. Juca 
(Libidibia ferrea) fruits were harvested in Belem do Para, Brazil. A 
voucher specimen (MG200833) was deposited at the Emilio Goeldi 
Paraense Museum, Belem, Brazil. 

2.2. Synthesis of N-carboxybutyl chitosan (CBC) foams 

CBC was prepared from chitosan using levulinic acid and sodium 
borohydride and according to a previously described method [45]. 
The final solution was sequentially washed with ethanol and water 
to remove non-reacted compounds and lower molecular weight 
polymeric chains. The solution was dialyzed into water for 3 days 
and then concentrated in a rotary evaporator (lOOmbar, 40 °C). 
Finally, 1 ml aliquots of the concentrated solution were poured in 
cylindrical wells (1cm in diameter), frozen with liquid nitrogen, 
and freeze-dried for 2 days. The average thickness of the prepared 
disc-shaped foamed structures was 0.60 ± 0.05 mm. Samples were 
later cut into a quadrangular shape (1 cm x 1 cm). Dried samples 
were stored in a desiccator (at ambient temperature) until further 
use. 

2.3. SFE from juca fruits 

Particle size distribution of the comminuted raw fruits was 
analyzed using a sieve series (120-18 mesh), under mechani¬ 
cal stirring (Retsch, Germany) and the mean geometric diameter 
of the particles (calculated according to the American Society of 
Agricultural Engineers ASAE, S319.2 method) was found to be 
0.93 mm. Raw material was placed inside the high pressure extrac¬ 
tion cell (~17.8 cm 3 ) which was thermostatized at 50±0.1 °C and 
pressurized at 25 ±0.5 MPa. The employed SFE apparatus was 
previously described [46] and high pressure liquid pumps were 
used to deliver the liquefied C0 2 . The outlet C0 2 mass flow rate 
((3.50 ±0.15) x 10~ 3 kg min -1 ) was measured using a mass flow 
meter (Series GFM, Dwyer). After a 30 min static period to allow 
an initial contact between raw material and scC0 2 , continuous 
SFE conditions were maintained until the complete raw material 
exhaustion (less than 3h). Extracts were recovered into refriger¬ 
ated flasks (to improve the precipitation of volatile C0 2 soluble 
compounds) and were stored at approximately -18 °C until further 
analysis. All these SFE conditions were selected taking into account 
a preliminary study that confirmed the anti-inflammatory activity 
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of extracts obtained at these experimental conditions against raw 
364.7 macrophages cell line [26]. 

Obtained extract was solubilized in ethyl acetate (at a con¬ 
centration of 30 mg/ml) and analyzed by gas chromatography 
(GC-FID): GC chromatograph (Finnigan-Tremetrics, model 9001, 
Austin, USA); split injector (523 K, split ratio 1:10); FID detector 
at 523 K; DB-5 (J&W Scientific) cross-linked fused-silica capillary 
column (60 m x 0.32 mm i.d., 3 p^m). Sample injection volume was 
5.0 pi. Oven temperature was programmed from 50 °C (5 min hold) 
up to 250 °C, at a 2.5 °C min -1 heating rate, and maintained for 
50 min [47]. 

2.4. SSI extract-loading into CBC, Promogran® and Hyalofill® 
dressings 

2.4.1. SSI extract-loading procedure 

The employed supercritical impregnation/deposition apparatus 
was already described in literature [32-34] and, in general terms, 
consists in a compressed air-operated C0 2 liquid pump, a visual 
high-pressure stainless steel impregnation/deposition cell, a ther¬ 
mostatic controlled water bath, and a magnetic stirring plate as 
an auxiliary tool to dissolve and to homogenize the high pres¬ 
sure mixture (juca extract + scC0 2 ). Dried and previously weighed 
(2-8 mg) CBC, Promogran® and Hyalofill® quadrangular samples 
(lcmxl cm), were fitted into stainless steel supports and then 
placed into the high-pressure cell that already contained a known 
amount of juca extract (~40mg). The system was then pressur¬ 
ized up to 27.0 MPa and the temperature was set to 50 °C. Notice 
that the employed operational pressure in the SSI process was 
slightly higher than that used in SFE experiments (to enhance the 
extract solubility into the solvent mobile phase). Magnetic stirring 
(900 rpm) was always employed in order to solubilize and homoge¬ 
nize the supercritical fluid phase mixture. All SSI experiments were 
carried out for 15 h and replicated. Two depressurization rates (3 
and 10 MPa min -1 ) were assayed in order to verify the influence of 
this variable on the loaded extract amounts. 


2.5. Physical characterization ofnon-processed and 
loaded/processed wound dressings 

2.5.1. Surface morphology 

Scanning electron microscopy (SEM) (JEOL, model JSM-5310, 
Japan) micrographs of non-processed and loaded/processed dress¬ 
ing materials were obtained at 5 kV and at different magnifications. 
Samples were coated with gold (approximately 300 A) in argon 
atmosphere. 

2.5.2. Fourier transform infrared (FTIR) attenuated total 
reflection (ATR) spectroscopy 

FTIR spectroscopy (Jasco, model 4200, UK) was performed at 
128 scans with a 4 cm -1 resolution, between 500 and 4000 cm -1 , 
and using a Golden Gate Single Reflection Diamond ATR acces¬ 
sory. Samples were analyzed before and after the extract loading 
experiments. 

2.5.3. Porosity 

The porosity of the different wound dressing materials was 
determined as: 

p _ | _ /^apparent ^ 

Psolid 

where ^apparent (g/cm 3 ) is the apparent density (calculated as the 
ratio between samples’ mass and volume of each dressing material), 
and Psolid (g/cm 3 ) is the true density measured by helium pyc- 
nometry (Accupyc 1330 Micromeritics, Micromeritics Instrument 
Corporation, USA). 

2.6. Fluid handling properties 

2.6.1. Oxygen permeability 

Oxygen permeability of non-processed wound dressings was 
measured (in triplicate) using a Createch permeometer (model 
210T, Rehder Development Co., Castro Valley, CA), at room tem¬ 
perature and at a 100% relative humidity (RH). 


2.4.2. Quantification of the loaded/released extract amounts 

The loaded amounts of juca extracts (in loaded dressings) 
were quantified gravimetrically after the immersion/leaching in 
ethyl acetate (which is a good solvent for the substances present 
in extract and do not significantly degrade/dissolve any of the 
employed dressings). Solvent was renewed three times in order 
to guarantee that all extract was removed. Non-loaded specimens 
were also washed to confirm that employed dressing materials 
did not dissolve in ethyl acetate. The final dressing weights (after 
extraction with ethyl acetate and the subsequent drying) were 
almost equal to their weights before the SSI loading experiments 
(mass differences below 6%). 

The release of extract compounds (from loaded dressings) was 
performed in phosphate buffer saline (PBS) at 37 °C and 100 rpm. 
After 24 h, dressings were removed from PBS and dichloromethane 
was added (equal volume of both phases) in order to perform a 
liquid-liquid extraction of those extract compounds released into 
PBS. Procedure was repeated 3 times in order to achieve a complete 
extract removal from the aqueous phase. After dichloromethane 
evaporation, the solid residue was solubilized in ethyl acetate (at 
a concentration of 30 mg/ml) and analyzed by GC (as previously 
described in Section 2.3). Additionally, the composition of released 
extract compounds was identified by GC-MS (at the same condi¬ 
tions as those employed in GC-FID experiments) and using the NIST 
database and Kovat’s indexes - determined relatively to the reten¬ 
tion time (RT) of a series of n-alkanes and according to literature 
[47]. All samples were analyzed in duplicate. 


2.6.2. Water vapor sorption (WVS) 

Dressings were cut into quadrangular 1 cm x 1 cm samples and 
dried at 40 °C until constant weight was achieved. Dried samples 
were then exposed to a 95% RH atmosphere (at 32 °C) in a desiccator 
containing a potassium sulfate saturated solution. Samples were 
weighed at pre-determined time intervals and the water vapor 
sorption capacity was calculated as: 


WVS 


/W t -W 0 \ 

V Wo J 


X 100 



where W 0 and W t , are the sample weight at the beginning of the 
experiment (dried) and at time t, respectively. Experiments were 
carried out in triplicate. The WVS kinetic curve was modeled using 
the following second-order adsorption model [48]: 


11 1 

FT t -]f wvsf + wvs; t 



where M t is the water vapour adsorbed at time t, WVS e is the water 
adsorbed at equilibrium and k 2 (h -1 ) is a second-order adsorption 
rate constant. 


2.6.3. Water vapor transmission rate (WVTR) 

Measurements were performed according to the ASTM standard 
[7]. Permeability cells were filled with 1 g of Milli-Q. water and test- 
sample dressings were fixed with a transmission exposed area of 
0.636 cm 2 . Cells were weighed and placed into desiccators at 32 °C 
and 20% RH (atmosphere created with a saturated lithium chloride 
solution). The slope of the water loss vs. time (t), normalized to 
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0.6 



CBC Promogran® Hyalofill® 


Fig. 1. Total amounts of juca extract loaded into tested dressings (at 27 MPa and 
50 °C). Depressurization rate was: 3 MPa min -1 ( ) and 10 MPa min -1 (■ ). 


DMEM-F12 HAM with phenol red medium (Biochron AG, Germany) 
supplemented with 10% (v/v) heat inactivated fetal bovine serum 
(BioWhittaker® Lonza, Belgium) and gentamicine (B. Braun, Spain) 
(130 pl/lOOml) and kept in a humidified incubator at 5% C0 2 , 
90% air and 37 °C. The RAW 264.7 macrophages were seeded in 
24 well-plates (1 x 10 5 /2ml in DMEM-F12 HAM without phenol 
red; Sigma-Aldrich, USA) and pre-incubated with samples (approx. 
1 cm 2 ) of each dressing (non-loaded or loaded with extract) previ¬ 
ously sterilized by UV radiation for 2 h. After that time, 20 pi of 
lipopolysaccharide (LPS; Sigma-Aldrich, USA) solution was added 
to the culture medium (final concentration 1 pg/ml). Negative (cells 
in culture medium without sample or LPS) and positive (cells in 
culture medium with 1 pg/ml LPS) controls were processed concur¬ 
rently. Aliquots (500 pi) from the culture medium were collected 
at 2, 6,24 and 72 h and immediately frozen at -20 °C until LDH and 
cytokines production tests; each aliquot was replaced with 500 pi 
of fresh medium. Experiments were carried out in duplicate for 
each tested dressing material and for each assayed time interval. 


the testing area (A), was employed for the calculation of the water 
vapor transmission rate (Eq. (4)): 


WVTR = 


water mass lost 
t x A 



The water vapor permeability was then calculated as: 

P WVTR- - - 

P 0 (RH in - RH 0Ut ) 



In this equation, l is the dressing thickness (mm), P 0 is the water 
vapor pressure at 32 °C, and RH in and RH 0U t are the relative humid¬ 
ity of the air inside the permeability cell (assumed to be equal to 
100%) and in the desiccator (20%), respectively. 


2.6.4. Water contact angle measurements 

Milli-Q. water contact angles measurements of non-processed 
dressings were performed using the sessile drop (6-7 pi) method 
and an OCA20 contact angle apparatus (Dataphysics Instruments 
GmbH, Germany). Foams were previously compressed in order to 
create more homogeneous surfaces. An average of 5 drops was 
applied in 3 different samples of each dressing material. 

2.7. Cytocompatibility tests 


Tests were carried out with RAW 264.7 macrophages and 
Balb/3T3 clone A31 fibroblasts (ATTC, Manassas) maintained in 


2.7.1. LDH tests 

The amount of lactate dehydrogenase (LDH) released was 
quantified using the cytotoxicity detection I<it PLUS (Roche, Spain). 
Absorbance was measured in a plate reader (Bio-Rad 680 
Microplate Reader, USA), at 490 nm, and viability was calculated 
according to the cytotoxicity assay kit instructions. 

2.7.2. ELISA assays for detecting ILI-a and TNF-a production 

The cytokine concentrations (mouse IL-la and mouse TNF- 
a), in cell culture supernatants at 2, 6 and 24 h, were quantified 
by specific enzyme-linked immunosorbent assay (ELISA) (Bender 
MedSystems, Austria) following the manufacturer’s test protocol. 
Plates were read at 450 nm in a spectrophotometer (Bio-Rad 680 
Microplate Reader, USA). 

2.7.3. Measurement of nitric oxide concentration 

Nitric oxide (NO) production was assayed by measuring nitrate 
in the supernatants, at 24 and 72 h, and according to a previously 
reported method [49]. Aliquots (80 pi) were transferred to 96-well 
plates and incubated with 100 pi of Griess reagent (Cayman Chem¬ 
ical, USA). After 10 min of incubation at room temperature, plates 
were spectrophotometrically read at 550 nm. Nitric oxide concen¬ 
tration was quantified by a previously obtained sodium nitrate 
calibration curve (0-15 pM). 


ALcarboxybutylchitosan (CBC) 





Hyalofill® 


Non-loaded 

dressings 




Juca-loaded 
dressings 


Fig. 2. SEM micrographs for non-loaded (top) and juca extract-loaded dressings at 27 MPa and 50 °C (bottom). The images show twisted interlaced wires for N-carboxybutyl 
chitosan, CBC (on the left), layered flexible sheets for Promogran® (in the middle), and fiber-like structures for Hyalofill® (on the right). 
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2.7.4. Fibroblasts viability 

A calcein/propidium iodide staining method was performed in 
order to monitor the viability of fibroblasts cultured on dress¬ 
ing materials. Balb/3T3 cells were seeded onto the dressings 
(1 x 10 5 /2ml) and incubated during 24 h at 37 °C (and with 5% 
C0 2 ). Subsequently, adherent cells were stained with 1 mg/ml 
calcein-AM (Sigma-Aldrich, Spain) and 1 mg/ml propidium iodide 
(Molecular Probes, USA) and observed under confocal microscope 
(Confocal Leica TCS-SP2, Leica Microsystems, Germany) in order to 
differentiate live and dead cells. 


3. Results and discussion 

3.1. Extract characterization and SSI extract-loading on dressings 



Palmitic acid Linoleicacid Elaidicacid Stearic acid Clionasterol Lupenone 


Juca fruits were extracted by SFE and extract GC analyses (Fig. 
SI supporting information) permitted to identify six main com¬ 
pounds presenting relatively high abundances, namely linoleic acid 
(42.38%) > palmitic acid (19.28%) >elaidic acid (9.17%) > gamma- 
sitosterol (8.39%) > stearic acid (7.16%) and lupenone (4.67%). This 
corresponds to an averaged composition of 52% in non-saturated 
fatty acids, 26% in saturated fatty acids and 13% in terpenoids. This 
composition profile was somehow expected taking into account the 
known solubilities of the above indicated fatty acids in scC0 2 which 
follow the same trend [50,51 ]. Such an ability of scC0 2 to selectively 
extract oils containing high molecular mass acids (having 10 or 
more carbon atoms), their esters and/or their triglycerides [52,53], 
can be considered as an additional advantage to its non-toxic and 
non-flammable character, to the required low processing temper¬ 
atures and to the negligible amounts of solvent residues present in 
the final product. 

Supplementary material related to this article found, in the 
online version, at http://dx.doi.Org/10.1016/j.supflu.2012.12.007. 

SSI loading of the CBC foams and of the collagen and hyaluronic 
acid commercial dressings (thereinafter, all materials are referred 
as dressings) with the obtained juca extract led to quite different 
loading yields which strongly depended on the employed dress¬ 
ing (Fig. 1). Dressings were washed/leached with ethyl acetate to 
completely remove the loaded extract and that removed amount 
was assumed to be equal to the total loaded amount. CBC dressing 
incorporated higher amounts of extract (~0.46-0.48 mg/mg) than 
the commercial dressings: ~0.28-0.31 mg/mg (Promogran®) and 
~0.25-0.28 mg/mg (Hyalofill®). These results can derive from the 
greater hydrophobicity of the CBC matrix. Moreover, specific favor¬ 
able interactions could be established between CBC and some of the 
compounds present in juca extract thus enhancing extract/polymer 
partition coefficient and overcoming other possible diffusional con¬ 
straints originated by the bulkier nature of CBC samples (according 
to porosity results that will be discussed latter). As previously 
reported, these results confirm that the SSI yields depend not only 
on the solubility of the solute in the supercritical solvent phase but 
also on the interactions that can be established between all the 
involved substances in the process: bioactive compounds, biopoly¬ 
mers and scC0 2 [32-34,39]. The depressurization rate effect (3 and 
10 MPa min -1 ) was minor on loading yields for all tested dressings 
and the observed slightly greater amounts of loaded extract at the 
higher depressurization rate (10 MPa min -1 ) could be due to the 
fast dressing structure shrinkage during the C0 2 venting (retur¬ 
ning to the original state after being swelled with scC0 2 during the 
loading process). 

SEM micrographs (Fig. 2) indicate that the extract is mostly 
deposited onto the surface of the twisted and interlaced wires of 
the foam-like structure of CBC, onto the layered flexible sheets of 
the foam-like structures of Promogran® and onto the character¬ 
istic fibers of Hyalofill® (as noticed in the augmented images in 
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Fig. 3. Relative amounts of the six major compounds identified in juca extract loaded 
into CBC, Promogran® and Hyalofill® dressings at 27 MPa and 50 °C. Depressuriza¬ 
tion rate: 3 MPa min -1 ( ) and 10 MPa min -1 (■ ). 


Fig. 2). The SSI process does not seem to affect the morphology of 
tested polymeric dressings. However, SEM also show that, in the 
case of CBC and Promogran®, extract was deposited as thin films 
while in the case of Hyalofill® fibers, it was also accumulated at 
specific points of the fibers. This occurrence may be due to some 
specific and different interactions that may be established between 
the benzyl groups present in Hyalofill® dressings and the aromatic 
rings of extract terpenoids, the vinyl groups and/or the carboxylic 
groups of those fatty acids present in juca extract. 

GC chromatogram profiles of the extract removed (with ethyl 
acetate) from each loaded dressing were similar to that of the 
raw extract (Fig. SI supporting information), which indicates that 
the extract was efficiently and not selectively loaded into the 
dressings and also that the interactions between the employed 
polymer matrices and the main extract compounds are not too 



































A.M.A. Dias et al. / J. of Supercritical Fluids 74 (2013) 34-45 


Table 1 

Fluid-handling capacities of CBC, Promogran® and Hyalofill® dressings. 
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CBC Promogran® Hyalofill® 


Foam thickness (mm) 

0.61 

± 

0.05 

2.95 

db 

0.09 

1.98 

db 

0.04 

Porosity (%) 

40 

± 

2 

83 

± 

8 

72 

db 

6 

Equilibrium WVS e (%) 

28.85 

± 

0.58 

56.51 

± 

0.49 

35.72 

db 

0.67 

Adsorption rate constant, k 2 (s -1 ) 

120.67 

± 

0.55 

41.00 

db 

0.46 

78.81 

± 

10.80 

WVTR (gm -2 d” 1 ) 

1623 

± 

65 

1549 

± 

15 

1635 

db 

56 

Water vapor permeability x 10 14 (kg/(s mPa)) (xlO -14 ) 

14.67 

± 

0.58 

2.89 

± 

0.028 

9.91 

db 

0.34 

Oxygen permeability (barrer) 

165.41 

± 

40.19 

831.99 

± 

76.27 

152.53 

db 

11.50 


strong to prevent its removal by washing with ethyl acetate. Some 
additional peaks that were detected on the washed extracts GC 
chromatograms were identified as 3,4-dimethylbenzadehyde (at 
20.8 min retention time), as di-2-ethylhexylphthalate (66 min) and 
as two non-identified compounds (33.7 and 74.1 min), and may 
be attributed to the presence of some impurities in CBC and in 
commercial dressings [54]. The relative amounts of each of the six 
major compounds identified in juca extract were also quantified 
by GC (Fig. 3). Results show that the amount of each compound 
loaded into the dressings is proportional to their original compo¬ 
sition in the raw extract and that fatty acids (mainly linoleic acid) 
were loaded in larger amounts. 

FTIR spectra (Fig. 4) of the SFE juca extract and of the extract- 
loaded dressings confirmed the presence of significant amounts 
of free fatty acids (FFA) which are characterized by: (i) strong 
absorption bands between 2850 and 2920 cm -1 ,1374 and 1458 and 
720 cm -1 (which are characteristic of the CH 2 and CH 3 stretching, 
bending and (CH 2 ) n>4 rocking vibrations of aliphatic struc¬ 
tures, respectively); (ii) strong absorption bands between 1690 and 
1760cm -1 (corresponding to the C=0 stretching for acids); (iii) 
relatively strong bands between 1000 and 1300 cm -1 (character¬ 
istic of the aromatic rings of terpenoids). Those bands appearing 
between 900 and 1000 cm -1 (as well as around 3010 cm -1 ) 
also confirm the presence of unsaturated C=C bounds (of FFA 
chains) [55]. The absence of bands at wavelengths higher than 


3200 cm -1 (characteristic of the OH stretching vibration mode of 
alcohols, monomeric phenols and carboxylic acids or water in sam¬ 
ples) confirmed the lipophilicity of the extract. FTIR spectra for 
scC0 2 -processed samples (but non-loaded with juca extract, not 
presented) were superimposable to those of the pristine dressings 
(lighter lines) proving that, and as expected, the SSI process did not 
chemically alter employed dressings. The higher intensity of the 
bands between 900 and 1100 cm -1 , corresponding to —C—O—C— 
stretching vibrations, for CBC and Hyalofill® were due to their 
higher content in glycoside groups when compared to Promogran®. 
In the latter dressing, the carboxylic and amino groups of the colla¬ 
gen fraction are the responsible for the relatively higher intensity 
bands between 1500 and 1700 cm -1 . In the 3200 and 3500 cm -1 
region, associated with the presence of—OH and —NH amine and 
amide stretching vibration modes, CBC and Hyalofill® present a 
similar large and intense band resulting from the absorption of 
the —OH groups from the glycosidic structures, while Promogran® 
presents a sharper band probably resulting from hydrogen bond¬ 
ing interactions between the —OH groups from cellulose and the 
carboxylic groups from collagen. 

The presence of the loaded extract in the dressings was con¬ 
firmed by the bands corresponding to CH 2 and CH 3 stretching 
(2850-2920 cm -1 ) and by a small band corresponding to C=0 
stretching for FFA (around 1700 cm -1 ). Moreover, no impor¬ 
tant deviations in the characteristic dressing’s bands were 




SFE extract 




Fig. 4. FTIR-ATR spectra of the SSI-extract loaded (darker line) and of non-loaded dressings (lighter line): CBC (bottom), Promogran® (middle) and Hyalofill® (top). The 
dashed line on the top represents the spectra of the SFE juca extract. 
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observed, which suggests weak interactions between polymers and 
extract. 

3.2. Dressings physical characterization 

Highly hydrophilic dressings may be advantageous in case of 
highly exudation wounds and may also enhance cell migration- 
proliferation and extracellular matrix deposition during the wound 
healing stages. However, bacterial growth may occur with exces¬ 
sive moisture and therefore the use of medium hydrophobic 
dressings enables the potential binding of the microorganisms 
(which can be later removed with the dressing) [56]. The equilib¬ 
rium water vapour sorption (WVS e ) of Promogran® (~57%) was 
almost twice that attained for CBC (~29%) and Hyalofill® (~36%) 
(Table 1 ). These values were calculated from the water sorption 
kinetic curves (not presented), which showed a rapid initial mois¬ 
ture sorption followed by a slower adsorption at later stages (due 
to the filling of the foams’ free volumes with water vapor). The CBC 
WVS value obtained in this work is lower than the one previously 
reported for similarly prepared CBC foams, however, having greater 
porosity (~92-93%) [7]. The amount of absorbed moisture will 
always depend on polymeric matrices porosity and hydrophilicity. 
Promogran® samples presented a high porosity (83 ±8%), which 
was similar to the one obtained for Hyalofill® samples (72 ± 6%, and 
considering the standard deviation) and was 2-fold that obtained 
for CBC samples (40 ± 2%). Moreover, the water contact angle mea¬ 
sured for CBC was equal to 99.3 ± 0.7° while that of Promogran® 
was equal to 90.8 ± 0.5°. The fibrous structure of Hyalofill® samples 
made it difficult to correctly measure the water contact angle. Thus, 
if compared to Promogran® and to Hyalofill® samples, CBC can be 
considered as having a denser structure and a lower hydrophilicity. 

The rate at which the dressings absorb moisture (k 2 ) was 
inversely proportional to their water vapor absorption capacity and 
porosity (Table 1 ) which means that CBC gets saturated faster than 
the commercial dressings. Promogran® and Hyalofill® presented 
a more sustained WVS behavior (especially Promogran® with a 
k 2 value that is half the value measured for Hyalofill®) which is 
probably due to the slower diffusivity of water molecules into their 
structures. 

An efficient dressing should maintain an optimal moisture envi¬ 
ronment in order to enhance the wound healing process [3]. 
Moreover, it should also balance wound occlusion, inhibit scab for¬ 
mation, facilitate cellular migration, accelerate re-epithelialization, 
diminish inflammatory response and enhance collagen biosynthe¬ 
sis, without diminishing its water vapor permeability (in order to 
avoid accumulation of large volumes of exudates which may result 
in tissue maceration and in the occurrence of wound infection) 
[57,58]. Intact human skin transpires water vapor at a rate that 
ranges between 240 and 1920gm -2 day -1 . On the other hand, the 
WVTR of uncovered wounds can be in the order of4800 g m -2 day -1 , 
and that of freshly excised wounds of approximately 10 times 
that of intact skin [59]. Daily WVTR (evaluated at 24 h and under 
static conditions) of CBC, Promogran® and Hyalofill® dressings 
resulted to be very similar (Table 1 ), and the slight lower value 
observed for Promogran® may be attributed to its greater thickness 
which in turn leads to a lower permeability. All tested dress¬ 
ings presented WVTR similar to those of intact skin and also to 
those already reported for other hydrocolloid commercial dress¬ 
ings such as Duoderm® (gelatin, sodium carboxymethylcellulose 
and pectin composite material), Biofilm® (polyester fabric sheet 
coated with a polyisobutylene adhesive containing hydrophilic par¬ 
ticles of gelatin, pectin and carboxymethylcellulose) and Biobrane 
II® (silicone film with a nylon fabric partially imbedded in the film 
and to which collagen was chemically bound) [58,60]. The mea¬ 
sured WVTR values for Hyalofill® were lower than those previously 
reported for two benzyl hyaluronate membranes (2157 g m -2 day -1 





Time (hours) 


Fig. 5. Cell viability of LPS-stimulated macrophages after exposure to CBC (A), 
Promogran® (B) and Hyalofill® (C). Control with LPS only (□); cells in contact 
with non-loaded dressings (■); juca extract-loaded dressings (depressurized at 
3 MPa min -1 ) ( ); juca extract-loaded dressings (depressurized at 10 MPa min -1 ) 

(■ )• 


for Hyaloskin® and 2327 gm -2 day -1 for HYAFF®). Besides the dif¬ 
ferences in these materials composition (different composition 
in hyaluronic acid carboxyl groups substituted by benzyl ester 
groups), the different dressing thicknesses may also affect the 
WVTR values and thus justify these discrepancies. Therefore and 
to account for the distinct materials thicknesses and experimen¬ 
tal conditions, comparisons must be also made in terms of the 
water vapor permeability which ranked in the following order: 
CBC > Hyalofill® > Promogran® (Table 1). This permeability trend 
is the opposite of the values obtained for the WVS equilibrium 
results which means that dressings which absorb lower amounts 
of water (lower affinity) are the ones that present the higher water 
vapor permeability. Under high-humidity conditions, water also act 
as a plasticizer that favors polymeric chain relaxation and allows 
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Positive control 




Juca- loaded CBC 



Non - loaded Promogran® 



Juca - loaded Promogran® 



Juca - loaded Hyalofill® 


Fig. 6. Micrographs (optical microscopy) (10x) of the RAW 264.7 cell macrophages after exposure for 24 h to non-loaded and to juca extract-loaded dressings, compared to 
negative control (cells in culture medium without sample or LPS) and positive control (cells in culture medium with 1 |Jig/ml LPS). 


an increase in the penetrant water flow, thus providing flexibil¬ 
ity and swellability to the foams (which will result in an increase 
in the WVP) [61,62]. These effects seem to be more pronounced 
for CBC and for Hyalofill® dressings which may be an indication 
that, after the saturation, their molecular structures become rear¬ 
ranged in order to facilitate water permeation. On the contrary, the 
higher hydrophilicity of Promogran® (higher water affinity) results 
in lower water vapour permeability since water molecules interact 
stronger with the collagen/cellulose based material. 

Finally, the adequate dressing permeability to oxygen and to 
carbon dioxide is also a crucial factor for wound healing enhancing 
[63]. It is known that the rapid restoration of microcirculation 
occurs in an anaerobic environment but high levels of oxygen 
are necessary for the growth of fibroblasts and for the collagen 
formation [64,65]. Promogran® presented a higher permeability to 
oxygen (~830 barrer) than CBC and Hyalofill® (~160 barrer). These 
results are certainly related with their corresponding dressing 
hydrophilicity since an increase in the oxygen permeability is 
noticed as the water content increases, thus leading to the loss of 
barrier properties in the hydrated state. The higher the hydration 
state of the material the higher the water plasticization effect 
(that will lead to polymer chain relaxation, to free volume increase 
and to improved gaseous permeation). This effect is much more 
pronounced for relative humidities higher than 80% (as in this 
work) [66]. 

3.3. Cytocompatibility and anti-inflammatory activity 

The anti-inflammatory activity of juca extract obtained using 
SFE is related to its six major compounds. Terpenoids (lupenone and 
sitosterol) extracted from different raw materials have been shown 
to present anti-inflammatory activity [67-70]. However, the activ¬ 
ity of fatty acids as anti-inflammatory agents and wound healing 
promoters is not so clear [71]. In the case of injury, inflamma¬ 
tory cells (mainly macrophages and leukocytes) release chemical 
mediators like cytokines (interleukins and tumoral necrosis fac¬ 
tors) and eicosanoids (prostaglandins and leukotrienes), among 
others, that regulate the intensity and duration of the inflamma¬ 
tory phase. It has been reported that the presence of a certain 
level of pro-inflammatory cytokines is essential for normal wound 
healing, because it initiates and regulates the cascade of molecular 
and cellular processes during the inflammatory stage [72,73 ]. How¬ 
ever, unresolved or chronic inflammation can delay wound healing 


and, therefore, a delicate ratio between pro-inflammatory and anti¬ 
inflammatory mediators should be attained. Polyunsaturated fatty 
acids, also known as PUFAs, may interfere in the evolution of the 
inflammatory process and alter pro-inflammatory mediators pro¬ 
duction since they (and/or their metabolites) may be converted 
by COX-2 and/or LOX-5 into pro-inflammatory mediators. In addi¬ 
tion, they may also be converted by LOX-15 into compounds that 
are not playing a role in the arachidonic acid pathway and that 
work as anti-inflammatory agents [74]. In this way, PUFAs and their 
metabolites attenuate the generation of pro-inflammatory medi¬ 
ators by blocking the action of LOX-5. In turn, they inhibit the 
production of inflammatory eicosanoids, adhesion molecules and 
cytokines, interleukins (IL-1 and IL-6) and tumor necrosis factor 
(TNF), which can cause bone, muscle and tissue mass loss during 
prolonged inflammation [75,76,73]. Linoleic acid (LA), the major 
component in juca extract (~42%), is the most abundant essential 
fatty acid (PULA) in human skin, being a precursor of both arachi¬ 
donic acid (AA) and gamma-linoleic acid (GLA) [77]. However, this 
conversion is quite slow and it is further restricted under inflam¬ 
matory conditions. Thus and after injury, a reinforced dose of LA, 
provided by the application of the LA rich extract, may help to rebal¬ 
ance the ratio of anti-inflammatory/pro-inflammatory mediators. 
In fact, LA has been successfully used for the prevention and treat¬ 
ment of pressure ulcers [78,79]. Although PULAs supplementation 
alone may be not enough to treat inflammation, their use may 
reduce the requirements of NSAIDs and/or improve their efficacy 
[79] (Fig. 5). 

Taking into account this previous information, extract-loaded 
dressings were tested regarding cytocompatibility and the capac¬ 
ity to regulate inflammatory mediators. The LDH assay measured 
to what extent this cytosolic enzyme was released to the culture 
medium due to increased membrane permeability (which is indica¬ 
tive of cell damage or lysis) [60,80]. All non-loaded dressings led 
to an excellent biocompatibility against macrophages, and only 
minor decrease in cell viability was observed after 72 h for CBC 
(~80%) and Hyalofill® (~90%). This means that CBC, as its precursor 
quitosan [81], is highly compatible with the cells [82,83]. Juca- 
loaded dressings showed lower cell viability after 72 h: roughly 
80%, except for Hyalofill® depressurized at 3 MPa min -1 which was 
close to 60%. These results indicate that the extract of juca induce 
some toxicity on macrophage cells when begins to be released 
from the dressing. Nevertheless, the visualization of the cells by 
microscopy after 24 h of culture in contact with non-processed and 
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Fig. 7. TNF-a and IL-la secretion from LPS-stimulated RAW 264.7 cells cultured in the presence of loaded and non-loaded CBC (A), Promogran® (B) and Hyalofill® (C) 
dressings, after incubation for 2, 6 and 24 h at 37 °C with 5% CO 2 . The TNF-a and ILl-a released into incubation media were quantified by ELISA. Negative control (cells 
only) (□), positive control (cells with LPS) (■), non-loaded dressings ( ), juca extract-loaded dressings (depressurized at 3 MPa min -1 ) (■ ), juca extract-loaded dressings 

(depressurized at 10 MPa min -1 ) (H ). 


extract-loaded materials did not show significant morphologi¬ 
cal changes when compared with a negative control, confirming 
the minor cytotoxic effect on macrophages (Fig. 6). Addition¬ 
ally, adhesion of fibroblasts to the dressings was tested using 
confocal microscopy (colour images in Fig. S2 supporting infor¬ 
mation). The cells directly seeded on non-processed dressings 
exhibited adhesion ability and thus proliferated; except in the 
case of Hyalofill® that showed minor cell adhesion. Extract-loaded 
CBC and Promogran® dressings showed a dramatic decrease in 
fibroblast cell viability. These results suggest that the hydropho¬ 
bic components of the extract avoid cells adhesion, which could 
be related to an increase in the inherent hydrophobicity of these 
dressings. Previous research has shown that materials with water 
contact angles higher than 90° (which is the case of the dress¬ 
ings studied in this work) make cell adhesion difficult [84,85]. 
This behavior is advantageous for clinical applications since new 


re-epithelialization cells are less likely to adhere to the dressing 
and be removed with the dressing when it is changed, minimiz¬ 
ing trauma to the wound and allowing those cells to migrate and 
proliferate effectively [86]. 

Supplementary material related to this article found, in the 
online version, at http://dx.doi.Org/10.1016/j.supflu.2012.12.007. 

To gain an insight into the anti-inflammatory features, both non- 
processed and extract-loaded dressings were tested in macrophage 
cultures to which LPS had been added. LPS is known to be 
a potent inductor of inflammation that induces the production 
of pro-inflammatory cytokines in macrophages, fibroblasts and 
monocytes [60,87]. Raw 264.7 cell lines exposed to LPS have 
demonstrated to be an adequate in vitro model for the evaluation 
of novel anti-inflammatory agents [88]. 

LPS-stimulated macrophages (positive control) showed a 
remarkable increase in TNF-a and IL-la expression compared to 
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Fig. 8. Amounts of nitric oxide (NO) released from LPS-stimulated RAW 264.7 cells 
after exposure to CBC (A), Promogran® (B) and Hyalofill® (C) dressings. Negative 
control (cells only) (□), positive control (cells with LPS) (■), non-loaded dressings 
( ), juca extract-loaded dressings (depressurized at 3 MPa min -1 ) (■), juca extract- 
loaded dressings (depressurized at 10 MPa min -1 ) (H ). 


control macrophages (negative control). Cytokines secretion was 
found to be time dependent; namely, TNF-a level progressively 
increased as a function of time from 2 to 24 h, while IL-la level 
showed a brusque increase already at 2h (Fig. 7). By contrast, 
when the LPS-stimulated macrophages were cultured in the pres¬ 
ence of the dressings, lower secretion of cytokines was observed 
even for dressings that were not loaded. The effect was less 
marked for CBC dressings, in the presence of which the concen¬ 
tration of TNF-a was ~670 pg/ml at 6 h. This value is in agreement 
with those previously reported by Ma et al. [89], but significantly 
higher than those reported by Yoon et al. [49] when the effect of 
chitosan oligosaccharides on the cytokine expression levels by LPS- 
stimulated macrophages was evaluated. This discrepancy may be 


related with differences in the molecular weight and the degree 
of deacetylation of the tested oligosaccharides, which in turn 
affect the solubility in water and the easiness at which the poly¬ 
mer is hydrolyzed by lysozyme and N-acetyl-B-D-glucosaminidase. 
The slower the biodegradation, the lower is the amount of pro- 
inflammatory low molecular weight fragments [81 ]. The relatively 
higher values observed for CBC when compared to commercial 
dressings may be related to the effect of the material bioconver¬ 
sion products, but also to a certain pro-inflammatory activity of 
CBC [90]. Bianco et al. [91] reported that chitosan could medi¬ 
ate macrophage activation through the release of arachidonic acid 
(AA) and even found higher levels of cytokines released from LPS- 
stimulated cells in the presence of chitosan. Moreover, it was found 
that chitosan amino groups are recognized by the immune system 
and that macrophages are activated to various extents by chitin 
derivatives. The results here reported seem to indicate that CBC 
may regulate inflammation in a similar way as chitosan [92,93]. 

The down-regulating capacity of the juca extract is clearly 
inferred from the significant reduction of the amount of 
TNF-a released from macrophages exposed to extract-loaded 
Promogran® and Hyalofill® dressings (Fig. 7). This effect was even 
more pronounced for Hyalofill®, probably because its fibber struc¬ 
ture permits a faster release of the SSI loaded extract to the culture 
medium. It should be noticed that Hyalofill® showed the low¬ 
est extract loading yield (~0.25-0.28 mg/mg) which confirms the 
activity of the extract even when applied at low concentrations. 
Oppositely, juca-loaded CBC dressings maintained a level of TNF-a 
secretion similar to that of the non-loaded CBC, probably because 
the pro-inflammatory activity of the CBC matrix and the slower 
release of the extract components to the medium, due to above 
commented stronger CBC-extract affinity. In fact, the CBC dress¬ 
ing released only 10% of the loaded extract in PBS after 24 h, while 
commercial dressings released almost twice this value (data not 
shown). Considering the chemical structure of CBC and of the fatty 
acids present in the extract, and the possible electrostatic inter¬ 
actions among them, it could be hypothesized that this complex 
might be recognized by the cells as a LPS derivative leading to 
the release of chemical mediators. However, this hypothesis was 
discarded since macrophages without LPS exposed to the extract- 
loaded CBC dressings did not induce the production of TNF-a nor 
IL-la. 

Finally, all the non-loaded and loaded materials, including CBC 
based dressings, significantly decreased the nitric oxide production 
after 24 h of cells exposure (Fig. 8). The slight increase in the NO 
produced after 72 h may be due to the stress to which cells are 
subjected after large periods of exposition (Fig. 6). 


4. Conclusions 

Bioactive wound dressings with anti-inflammatory capacity can 
be prepared applying supercritical fluid technology as a viable 
alternative to conventional methods for the extraction of natu¬ 
ral compounds from juca fruits and to their subsequent loading 
into biopolymeric materials. SFE allowed obtaining a juca extract 
rich in unsaturated and saturated fatty acids, while SSI enabled 
a homogeneous deposition and dispersion of this extract into 
distinct dressings. Loading yields mainly depended on specific 
extract-polymer affinity and, as a consequence, the N-carboxybutyl 
chitosan (CBC) dressing achieved the highest extract loading lev¬ 
els. Cytocompatibility tests showed that the loaded dressings are 
non-toxic against macrophages but they inhibit the adhesion of 
fibroblasts. This may be advantageous in the case of wound dress¬ 
ing applications since it avoids new re-epithelialization cells to 
adhere to the dressing and to be removed with it without com¬ 
promising the healing process. Juca extract proved to present 


























































44 


A.M.A. Dias et al. / J. of Supercritical Fluids 74 (2013) 34-45 


anti-inflammatory capacity since it down regulated the expression 
of TNF-a and IL-la mediators as well as the production of nitric 
oxide from macrophages and after exposure of LPS-stimulated cells 
to thejuca loaded dressings. This effect was more pronounced for 
Promogran® and Hyalofill®, probably due to the lower affinity of 
the extract to these materials, which lead to faster release rates, 
and also to the fact that CBC can have itself a pro-inflammatory 
activity. The present work shows that, by the combination of natu¬ 
ral biocompatible polymers and of juca fruit extracts, it is possible 
to prepare medicated wound dressings with various fluid-handling 
capacities and extract release profiles and within the desired ranges 
for skin applications. Moreover, a careful selection of the raw mate¬ 
rial and of the SFE process conditions makes it possible to obtain 
selective extracts, with different bioactivities, that would permit to 
cover a wide range of wound healing applications. 
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